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ANDROID and A/G ratio are correlated with
sarcopenia among type 2 diabetes patients

Dongxiao Zhang*

Abstract

, Chen Li*, Wenchao Hu and Lanjie He

Background: Fat distribution plays an important role in impaired glucose tolerance. Android
adiposity (ANDROID) and gynoid adiposity (GYNOID] have been proven to be linked with insulin
resistance. A higher risk of sarcopenia is associated with type 2 diabetes mellitus (T2DM). In
this study, ANDROID, GYNOID, and ANDROID to GYNOID ratios (A/G ratios) were evaluated in
T2DM patients to determine if they were associated with sarcopenia.

Methods: We recruited 1086 T2DM patients, measured skeletal muscle index (SMI), ANDROID,

GYNOID, and collected clinical data.

Results: T2DM patients with 119 male subjects had sarcopenia (20.24%), and 72 female
subjects had sarcopenia (16.51%). All patients with T2DM who had high ANDROID and A/G
ratios were at a reduced risk of sarcopenia. The SMI showed a correlation with ANDROID and

A/G ratios among subjects with T2DM.

Conclusion: ANDROID and A/G ratios are inversely related to sarcopenia in T2DM patients.
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Background

Sarcopenia is a multifactorial condition of high
complexity, marked by a progressive decline in
skeletal muscle mass and function, which occurs
with advancing age.! Various diseases are linked
to sarcopenia. It can affect a person’s quality of
life, increase their dependence, or lead to hospi-
talizations.?3 Primary sarcopenia is often attrib-
uted to aging without any apparent underlying
cause, and secondary sarcopenia has a variety of
causes. Sarcopenia and sarcopenic obesity are
reportedly intertwined closely with chronic dis-
eases. The concomitant risks of falls and bone fra-
gility are synergistically heightened in individuals
afflicted with sarcopenia.* Advancing age, male
gender, malnutrition, and sedentary lifestyle are
identified as factors that elevate the susceptibility
to sarcopenia.>% Sarcopenia also exhibits a close
association with obesity, osteoporosis, and type 2
diabetes mellitus (T2DM).7# In cases of early
detection, intervention, and secondary preven-
tion, the implementation of a strategy is crucial.

Consequently, the identification of novel bio-
markers is urgently needed.

Obesity is widely recognized to be one of the
greatest health threats, contributing greatly to
metabolic and cardiovascular complications.
The trunk has two types of fat depots, namely,
the android (upper body) and gynoid (lower
body) adiposity, leading to a different concept
of truncal fat depots. Android adiposity
(ANDROID) deposition is more closely related
to cardiometabolic risk than gynoid adiposity
(GYNOID) deposition. Android and gynoid
adiposities were first distinguished by Vague,
who found that ANDROID has a worse meta-
bolic profile than GYNOID.? To measure the
regional fat mass, advanced technology is now
being used with computed tomography and
dual-energy X-ray absorption (DXA). The
high precision, reliability, and repeatability of
DXA make it a valuable tool for research stud-
ies that assess muscle mass. Numerous studies
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quantified by DXA have established a correla-
tion between ANDROID and GYNOID with
diabetes, cardiovascular disease, and metabolic
syndrome. However, studies investigating the
relevance of ANDROID and GYNOID to sarco-
penia are few. The ratio of ANDROID to
GYNOID (A/G ratio) is known to play a signifi-
cant role in cardiovascular and metabolic dis-
eases. It is also associated with insulin resistance.
The first definition of sarcopenic obesity was
given by Baumgartner as a condition of coexist-
ence between sarcopenia and obesity.!° It can be
characterized by a high A/G ratio and low skele-
tal muscle index (SMI). The distribution of fat
mass may influence fracture risk in sarcopenic
obesity according to previous studies.!! In the
present study, we hypothesized that a connec-
tion existed between regional fat mass and sarco-
penia in individuals with T2DM, which has not
been previously explored. We aimed to investi-
gate the impact of ANDROID, GYNOID, and
A/G ratio on T2DM patients who experience
sarcopenia.

Methods

Patients

The work was a cross-sectional study. A total of
1142 consecutively diagnosed inpatients with
T2DM were gathered in the endocrinology
department of the Qilu Hospital in Qingdao
from period September 2017 to September
2019. We obtained the written informed consent
of all participants. The included patients were
aged 20years or older. Pregnant patients,
patients suffering from infections, cancer, severe
hip or knee osteoarthritis, and patients with
stroke histories were excluded. Finally, 1086
patients were included after excluding 56
patients. T2DM was defined according to the
American Diabetic Association. This study was
approved by the hospital ethics board and per-
formed in compliance with the Declaration of
Helsinki.

A cross-sectional survey was conducted on the
distribution of sarcopenia. The initial survey
found sarcopenia rates of 24% in men and 19% in
women, leading to sample sizes of 323 men and
434 women for hypothesis testing with a 0.05 o
and 20% 6. All eligible patients from the past
2years were included, ultimately including 588
men and 508 women.

Definition of sarcopenia

We measured SMI using a DXA spectrometer
(Hologic Discovery A, Waltham, Marlborough,
MA, USA). An individual’s SMI was calculated
by dividing their appendicular skeletal muscle
mass by their height. For men, sarcopenia was
defined as SMI <7.0kg/m2. For women, it was
defined as one less than 5.4 kg/m?2.

Measurements

Clinical, laboratory, and anthropometric (height,
body weight, systolic blood pressure (SBP), and
diastolic blood pressure (DBP)) analyses were
conducted. Diabetes duration was collected.
Body mass index (BMI) was calculated by body
mass (kg)/height (m)2. Total cholesterol (TC),
high-density lipoprotein (HDL), low-density
lipoprotein (LDL), triglyceride (T'G), and fasting
plasma glucose (FPG) were determined with an
automatic analyzer (Hitachi 7170, Hitachi;
Tokyo, Japan) in all subjects after an overnight
fast. ANDROID, GYNOID, A/G ratio, and body
fat percentage (BFP%) were also determined
using a DXA spectrometer.

Statistical analysis

SPSS (version 22, IBM; Chicago, IL, USA) was
used in all statistical analyses. Data are presented
as the mean = SD. T2DM patients with and with-
out sarcopenia were compared using unpaired ¢
tests and Chi-square tests. Several risk factors for
sarcopenia were identified through logistic-
regression method. To identify whether
ANDROID, GYNOID, A/G ratio, SMI, and
other clinical characters were correlated, simple
and multiple linear-regression analyses were per-
formed. A p value of 0.05 served as a threshold for
statistical significance.

PASS (version 15.0, NCSS; Utah, USA) was
used to calculate the sample size based on the
prevalence of sarcopenia in different genders.

Results

Differences between sarcopenic and
nonsarcopenic subjects

The data presented in Table 1 revealed that 20.24%
of male and 16.51% of female T2DM patients
exhibited sarcopenia. Among males in the sarcope-
nia group, age, HDL, and HbAlc levels increased,
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Table 1. The characteristic differences between T2DM patients with and without sarcopenia.

Characteristics

Male (n=588)

Female (n=508)

Non-sarcopenia Sarcopenia p value Nonsarcopenia Sarcopenia p value

(n=469) (n=119) (n=436) (n=72)
Age [years) 54.64+11.95 60.67 +13.45 <0.001 61.1+10.88 65.47 +11.28 0.02
Duration (years) 8.02+6.66 9.03+5.83 0.133 8.73+5.98 9.17+6.73 0.574
SMI 8.18+1.5 6.45+0.48 <0.001 6.5+0.89 5.07+0.33 <0.001
BFP (%) 28.62+4.70 27.76 +5.71 0.087 37.94+4.77 36.33+5.35 0.009
Height (cm) 173.32+5.83 171.16 +8.76 0.002 160.71 +5.14 159.1 +5.31 0.014
Body weight (kg) 83.02+14.25 68.87+11.34 <0.001 70.65+ 12.57 56.76 +7.97 <0.001
BMI (kg/m?) 27.57 + 4.09 23.65+4.83 <0.001 27.33+4.58 22.42+2.98 <0.001
SBP (mmHg) 140.44 +19.71 137.5+21.43 0.255 143.38 +20.70 143.07 +21.95 0.906
DBP (mmHg) 82.54+12.89 78.66 +13.02 0.004 76.62+12.73 76.58 +11.14 0.982
TC (mmol/L) 452+1.16 4.47+1.09 0.683 4.7+135 46+1.16 0.557
HDL (mmol/L) 1.14+0.27 1.23+0.35 0.001 1.29 +0.37 1.36+0.35 0.173
LDL (mg/dL) 172.56 + 40.67 165.64 + 34.41 0.088 178.33 = 34.98 181.78 +0.98 0.458
TG (mmol/L) 2.3+2.25 1.41+0.81 <0.001 1.85+1.4 1.44+0.79 0.016
FPG (mmol/L) 8.15+2.77 7.97 +3.17 0.535 7.74%+2.9 7.04+2.76 0.057
HbAlc 8.43+2.09 8.91+2.18 0.035 8.31+2.02 8.15+2.13 0.566
A/G ratio 1.29+0.17 1.16+0.2 <0.001 1.1+0.15 1.04+0.18 0.002
ANDROID 34.56 + 6.21 31.94+8.19 <0.001 40.51+6.22 37.81+7.82 0.001
GYNOID 26.95+ 4.56 27.56 +5.17 0.208 37.07 +4.94 36.55 +5.48 0.412

BFP%, body fat percentage; BMI, body mass index; DBP, diastolic blood pressure; FPG, fasting plasma glucose; HDL, high-density lipoprotein; LDL,
low-density lipoprotein; SMI, skeletal muscle index; TC, total cholesterol; T2DM, type 2 diabetes mellitus; TG, triglyceride.

whereas SMI, height, body weight, BMI, DBP,
TG, ANDROID, and A/G ratio decreased com-
pared with males in the nonsarcopenia group.
Compared with those patients without sarcopenia,
female T2DM patients with sarcopenia were older
and had lower SMI, BFP%, height, body weight,
BMI, TG, ANDROID, and A/G ratio.

Association between sarcopenia and

ANDROID, GYNOID, A/G ratio

ANDROID, GYNOID, and A/G ratio were cor-
related with sarcopenia, as shown in Tables 2—4.
Type 2 diabetics with low ANDROID levels and

low A/G ratios may have a higher risk of sarcope-
nia. Sarcopenia was inversely connected with
ANDROID and A/G ratio in T2DM after adjust-
ment by age. A further adjustment for the age,
diabetes duration, BMI, SBP, DBP, FPG, TC,
HDL, LDL, and TG showed that ANDROID
and GYNOID were still negatively correlated
with sarcopenia.

Various characteristics are associated with SM|

According to Table 5, simple linear regression
indicated a correlation between SMI and age,
diabetes duration, BFP%, height, body weight,
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Table 2. The association between ANDROID and sarcopenia.

Model Male Female
Unadjusted Model 2 Model 3 Unadjusted Model 2 Model 3
Model 1 Model 1

OR 0.945 0.940 1.068 0.941 0.928 1.098

(95% CI)  (0.918-0.974)  (0.911-0.969)  (1.020-1.118]  (0.907-0.977)  (0.893-0.965)  (1.028-1.173)
p value <0.001 <0.001 0.005 0.001 <0.001 0.006

Model 1 was not adjusted; Model 2 was adjusted for age; Model 3 was adjusted for age, duration of diabetes, BMI, SBP,
DBP, TG, TC, LDL, HDL, and FPG.

ANDROID, android adiposity; BMI, body mass index; Cl, confidence interval; DBP, diastolic blood pressure; FPG, fasting
plasma glucose; HDL, high-density lipoprotein; LDL, low-density lipoprotein; OR, odds ratio; SBP, systolic blood pressure;
TC, total cholesterol; TG, triglyceride.

Table 3. The association between GYNOID and sarcopenia.

Model Male Female
Unadjusted Model 2 Model 3 Unadjusted Model 2 Model 3
Model 1 Model 1
OR 1.028 1.020 1.284 0.979 0.974 1.193
(95% Cl)  (0.985-1.072) (0.975-1.066)  (1.191-1.385)  (0.931-1.030)  (0.926-1.025) (1.098-1.296)
p value 0.208 0.396 <0.001 0.412 0.306 <0.001

Model 1 was not adjusted; Model 2 was adjusted for age; Model 3 was adjusted for age, duration of diabetes, BMI, SBP,
DBP, TG, TC, LDL, HDL, and FPG.

BMI, body mass index; Cl, confidence interval; DBP, diastolic blood pressure; FPG, fasting plasma glucose; GYNOID, gynoid
adiposity; HDL, high-density lipoprotein; LDL, low-density lipoprotein; OR, odds ratio; SBP, systolic blood pressure; TC,
total cholesterol; TG, triglyceride.

Table 4. The association between ANDROID/GYNOID ratio and sarcopenia.

Model Male Female
Unadjusted Model 2 Model 3 Unadjusted Model 2 Model 3
Model 1 Model 1
OR 0.018 0.018 0.052 0.075 0.046 0.336
(95% CI)  (0.005-0.058)  (0.005-0.060) (0.012-0.229  (0.015-0.387)  (0.008- (0.041-2.771)
0.257)
p value <0.001 <0.001 <0.001 0.002 <0.001 0.311

Model 1 was not adjusted; Model 2 was adjusted for age; Model 3 was adjusted for age, duration of diabetes, BMI, SBP,
DBP, TG, TC, LDL, HDL, and FPG.

ANDROID, android adiposity; BMI, body mass index; Cl, confidence interval; DBP, diastolic blood pressure; FPG, fasting
plasma glucose; GYNOID, gynoid adiposity; HDL, high-density lipoprotein; LDL, low-density lipoprotein; OR, odds ratio;
SBP, systolic blood pressure; TC, total cholesterol; TG, triglyceride.

BMI, DBP, HDL, and TG, ANDROID, and A/G ratio remained correlated with SMI in multi-
A/G ratio in males. Age, BMI, ANDROID, and ple linear regressions.
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Table 5. The association between clinical characteristics and SMI in male subjects.

Characteristics

Simple regression analysis

Multiple regression analysis

B (95% Cl) p value B (95% Cl) p value
Age (years) -0.27 (-0.037, -0.018) <0.001 -0.010 (~0.020, 0.000) 0.062
Duration (years) -0.022 (-0.040, -0.003) 0.026 -0.006 (-0.023, 0.012) 0.540
BFP (%] 0.048 (0.023, 0.072) <0.001 -0.192 (-0.285, -0.099) <0.001
Height (cm) 0.035 (0.016, 0.053) <0.001 -0.094 (-0.148, -0.039) <0.001
Body weight (kg 0.050 (0.043, 0.058) <0.001 0.117 (0.069, 0.164) 0,001
BMI (kg/m?) 0.152(0.128, 0.177) <0.001 -0.135 (-0.269, -0.001) 0.048
SBP (mmHg) 0.005 (-0.001, 0.011) 0.114
DBP (mmHg) 0.017 (0.007, 0.026) 0.001 -0.002 (-0.011, 0.07) 0.638
TG (mmol/L) 0.084 (0.025, 0.143) 0.005 -0.016 (-0.071, 0.038) 0.554
TC (mmol/L) 0.027 (-0.082, 0.135) 0.629
LDL (mmol/L) 0.003 (0.001, 0.006) 0.098
HDL (mmol/L) -0.550 (~0.976, -0.123) 0.012 0.006 (-0.397, 0.410) 0.975
FPG (mmol/L) 0.014 (-0.029, 0.058) 0.514
HbA1c -0.70 (-0.132, -0.009) 0.025 -0.059 (-0.112, -0.005) 0.031
ANDROID 0.044 (0.026, 0.062) <0.001 0.102 (0.027, 0.177) 0.762
A/G ratio 1.549 (0.890, 2.209) <0.001 -0.181 (-1.356, 0.994) 0.008
GYNOID 0.026 (0.001, 0.052) 0.054

BFP, body fat percentage; BMI, body mass index; Cl, confidence interval; DBP, diastolic blood pressure; FPG, fasting
plasma glucose; HDL, high-density lipoprotein; LDL, low-density lipoprotein; SBP, systolic blood pressure; SMI, skeletal

muscle index; TC, total cholesterol; TG, triglyceride.

As shown in Table 6, a regression analysis based
on simple linear equations showed an association
between SMI and age, BFP%, body weight, BMI,
DBP, HDL, ANDROID, and A/G ratio among
females. Multiple linear regressions found that
age, BFP%, height, body weight, ANDROID,
and A/G ratio were also correlated with SMI.

Relationship between ANDROID, GYNOID,

A/G ratio, and other clinical characteristics

Based on simple linear regression, ANDROID
was correlated with diabetes duration, BFP%,
body weight, BMI, SBP, HDL, DBP, and TG in
males. Multiple linear-regression analysis
showed that diabetes duration, BFP%, BMI,

DBP, and TG were associated with ANDROID
(Table 7).

Using the same simple linear regression, a corre-
lation was found between GYNOID and BFP%,
body weight, BMI, SBP, DBP, LDL, and HDL
in males. After multiple linear regressions, BFP%,
DBP, and HDL still showed correlation with
GYNOID (Table 8).

A/G ratio showed correlation with duration of
diabetes, BFP%, body weight, BMI, SBP, DBP,
TC, HDL, and TG in male subjects. Based on
the multiple linear regressions, BFP%, DBP,
HDL, and TG were still significantly correlated
with A/G ratio (Table 9).
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Table 6. The association between clinical characteristics and SMI in female subjects.

Characteristics Simple regression analysis Multiple regression analysis

B (95% Cl) p value B (95% Cl) p value
Age (years) -0.20(-0.028, -0.013) <0.001 -0.017 (-0.023, -0.010] <0.001
Duration (years) -0.002 (-0.016, 0.012) 0.751
BFP (%) 0.045 (0.028, 0.062) <0.001 0.064(0.017,0.112) 0.008
Height (cm) 0.018 (0.001, 0.034) 0.033 -0.091 (-0.163,-0.019) 0.014
Body weight (kg) 0.045 (0.040, 0.050) <0.001 0.116 (0.034,0.198) 0.006
BMI (kg/m?) 0.125(0.110, 0.139) <0.001 -0.171 (-0.380, -0.038) 0.109
SBP (mmHg) 0.003 (-0.001, 0.007) 0.213
DBP (mmHg) 0.010(0.003, 0.017) 0.003 -0.001 (-0.007, 0.04) 0.630
TG (mmol/L) 0.050(-0.013, 0.114) 0.118
TC (mmol/L) -0.008 (-0.072, 0.056) 0.814
LDL (mmol/L) 0.001 (-0.001, 0.004) 0.217
HDL (mmol/L) -0.266 (-0.497, -0.035) 0.024 -0.034 (-0.212, 0.143) 0.704
FPG (mmol/L) 0.001 (-0.030, 0.029) 0.989
HbA1c -0.014 (-0.057, 0.029) 0.521
ANDROID 0.030 (0.018, 0.043) <0.001 -0.079 (-0.120, -0.039) <0.001
A/G Ratio 0.986 (0.440, 1.533) <0.001 2.113 (1.246, 2.981) <0.001
GYNOID 0.016 (-0.001, 0.033) 0.065

BFP, body fat percentage; BMI, body mass index; Cl, confidence interval; DBP, diastolic blood pressure; FPG, fasting
plasma glucose; HDL, high-density lipoprotein; LDL, low-density lipoprotein; SBP, systolic blood pressure; SMI, skeletal

muscle index; TC, total cholesterol; TG, triglyceride.

As shown in Table 10, ANDROID was corre-
lated with age, diabetes duration, BFP%, body
weight, BMI, SBP, and DBP based on simple lin-
ear regressions for female subjects. The diabetes
duration and BFP% showed similar correlation
with ANDROID in multiple linear regressions.

After multiple linear regressions, GYNOID was cor-
related with BFP%, SBP, DBP, FPG, and HbAlc,
but not with body weight or BMI (Table 11).

Table 12 shows that A/G ratio was correlated
with age, BFP%, body weight, BMI, HbAlc,
SBP, DBP, TC, HDL, and TG. It remained cor-
related with BFP%, TC, and HDL after multiple
linear regressions.

Discussion

Obesity is associated with cancer, cardiovascular
diseases, and insulin resistance, as well as muscu-
loskeletal disorders. Sarcopenia can also be caused by
obesity.l2 The Kadoma Sarcopenia Study has
revealed that age (=75years), obesity, and hyperten-
sion are the independent risk factors for overall sarco-
penia.l?> A low BMI is associated with sarcopenia,
secondary to chronic inflammation.!* Low gait speed
is associated with a high BMI, but sarcopenia and
skeletal muscle decline are prevented. Age and BMI
reportedly have a clear association with sarcopenia.!>
Consistent with previous studies, we also found that
patients with sarcopenia were older and had lower
body weight and BMI (Table 1). Sarcopenia was also
frequent in T2DM patients. Previous literature
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Table 7. The association between ANDROID and other clinical characteristics in male subjects.

Characteristics Simple regression analysis

Multiple regression analysis

B (95% Cl) p value B (95% Cl) p value
Age (years) -0.008 (-0.052, 0.036) 0.714
Duration (years) -0.099 (-0.182, -0.016) 0.020 -0.043 (-0.077, -0.009) 0.013
BFP (%) 1.247(1.201, 1.292) <0.001 1.284 (1.228, 1.339) <0.00]
Height (cm) 0.055 (-0.028, 0.138] 0.191
Body weight (kg) 0.220(0.188, 0.252) <0.001 0.013 (-0.016, 0.042) 0.384
BMI (kg/m?) 0.732(0.627, 0.837) <0.001 -0.147 (-0.245, -0.050) 0.003
SBP (mmHg) 0.043 (0.016, 0.070) 0.002 0.005 (-0.007, 0.017) 0.423
DBP (mmHg]) 0.118(0.077, 0.159) <0.001 0.028 (0.009, 0.046) 0.004
6 (mmol/L) 0.475 (0.214, 0.736) <0.001 0.212 (0.105, 0.318) ~0.001
TC (mmol/L) 0.219 (-0.260, 0.698] 0.369
LDL (mmol/L) 0.006 (-0.008, 0.020) 0.381
HDL (mmol/L) -6.427 (-8.250, -4.605) <0.001 -0.578 (-1.369, 0.213) 0.152
FPG (mmol/L) -0.016 (-0.208. 0.176) 0.870
HbA1c -0.215 (-0.478, 0.048) 0.109

ANDROID, android adiposity; BFP, body fat percentage; BMI, body mass index; Cl, confidence interval; DBP, diastolic blood
pressure; FPG, fasting plasma glucose; HDL, high-density lipoprotein; LDL, low-density lipoprotein; SBP, systolic blood

pressure; TC, total cholesterol; TG, triglyceride.

shows that BMI is correlated negatively with the
prevalence of sarcopenia under T2DM.16-18 The
same experimental results were demonstrated in our
experiments. A lower BMI was shown in T2DM
patients with sarcopenia.

Sarcopenic obesity also reportedly increases cardio-
vascular events, arterial stiffness, and carotid ather-
osclerosis risk.!® However, we did not find
sarcopenic obese patients as predicted in the clinical
samples we collected. The A/G ratios and
ANDROID levels decreased in almost all sarcope-
nia patients. Whether the patients with sarcopenia
and nonsarcopenia were statistically analyzed sepa-
rately or the SMI value was used for regression anal-
ysis, our results suggested that sarcopenia may be
more prevalent in type-2 diabetics with low
ANDROID levels and low A/G ratios (Table 2-6).

Android fat and A/G ratio are more often studied
as disease-related risk factors. A higher

ANDROID corresponds with a higher risk of
insulin resistance or diabetes in older adults, and
increased android level may be a predictor of
metabolic syndrome.20-23 A higher android level
may significantly affect cardiovascular disease risk
factors in boys or young men who are over-
weight.2%25 Through altered endothelial function,
fat accumulation in the android compartment is
associated with increased cardiovascular and
metabolic risk.2> Meanwhile, gynoid fat protects
against cardiovascular disease, and higher gynoid
fat may also be linked to metabolic diseases.?6 A
direct relationship exists among A/G ratio, cardi-
ovascular, and metabolic disease. In addition, it is
closely related to insulin resistance or functional
capacity in men with heart failure.?”-28 A study has
demonstrated that patients with T2DM are more
likely to develop nonalcoholic fatty liver disease
and atherosclerosis when their A/G ratio is higher,
and a higher A/G may reflect insulin resistance.!?
Sex differences should be considered because the
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Table 8. The association between GYNOID and other clinical characteristics in male subjects.

Characteristics Simple regression analysis Multiple regression analysis

B (95% Cl) p value B (95% Cl) p value
Age (years) 0.016 (-0.014, 0.047) 0.291
Duration (years) -0.021 (-0.079, 0.036) 0.464
BFP (%) 0.851 (0.816, 0.885) <0.001 0.876 (0.833, 0.919) 0,001
Height (cm) 0.007 (-0.050, 0.065) 0.801
Body weight (kg) 0.147 (0.125, 0.170) <0.001 -0.011(-0.034, 0.012) 0.365
BMI (kg/m?) 0.521 (0.449, 0.594) <0.001 0.020 (-0.056, 0.097) 0.600
SBP (mmHg) 0.022 (0.004, 0.041) 0.020 0.006 (-0.003, 0.016) 0.189
DBP (mmHg]) 0.042 (0.012, 0.071) 0.005 -0.025 (-0.040, -0.010) 0.001
TG (mmol/L) -0.024 (-0.208, 0.159) 0.795
TC (mmol/L) -0.165 (-0.498, 0.169) 0.332
LDL (mmol/L) 0.011(0.001, 0.021) 0.025 0.002 (-0.002, 0.006) 0.362
HDL (mmol/L) -3.314 (-4.607, -2.021) <0.001 0.652 (0.030, 1.273) 0.040
FPG (mmol/L) -0.035(-0.169, 0.098] 0.606
HbA1c -0.081 (-0.268, 0.106) 0.397

BFP, body fat percentage; BMI, body mass index; Cl, confidence interval; DBP, diastolic blood pressure; FPG, fasting
plasma glucose; GYNOID, gynoid adiposity; HDL, high-density lipoprotein; LDL, low-density lipoprotein; SBP, systolic blood
pressure; TC, total cholesterol; TG, triglyceride.

Table 9. The association between ANDROID/GYNOID ratio and other clinical characteristics in male subjects.

Characteristics Simple regression analysis Multiple regression analysis

B (95% Cl) p value B (95% Cl) p value
Age (years) -0.001 (-0.002, 0.001) 0.096
Duration (years]) -0.003 (~0.005, -0.001) 0.013 -0.002 (-0.004, 0.001) 0.149
BFP (%) 0.009 (0.006, 0.012) <0.001 0.008 (0.005, 0.012) <0.001
Height (cm) 0.002 (0.001, 0.004) 0.095
Body weight (kg) 0.002 (0.001, 0.003) <0.001 0.001 (-0.001, 0.003) 0.294
BMI (kg/m?) 0.005 (0.002, 0.009) 0.001 -0.006 (-0.012, 0.001) 0.073
SBP (mmHg) 0.001 (0.001, 0.002) 0.043 -0.000 (-0.001, 0.001) 0.980
DBP (mmHg]) 0.003 (0.002, 0.004) <0.001 0.002 (0.001, 0.003) <0.001
[Continued]
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Table 9. (Continued)

Characteristics

Simple regression analysis

Multiple regression analysis

B (95% Cl) p value B (95% Cl)
TG (mmol/L) 0.021 (0.014, 0.028) <0.001 0.016 (0.008, 0.023)
TC (mmol/L) 0.016 (0.003, 0.029) 0.019 0.008 (-0.008, 0.024)
LDL (mmol/L) 0.000 (-0.001, 0.001) 0.099
HDL (mmol/L) -0.106 (-0.157, -0.055) <0.001 -0.074 (-0.133, -0.014)
FPG (mmol/L) 0.001 (-0.004. 0.006) 0.733
HbA1c -0.007 (-0.014, 0.001) 0.055

ANDROID, android adiposity; BFP, body fat percentage; BMI, body mass index; Cl, confidence interval; DBP, diastolic
blood pressure; FPG, fasting plasma glucose; GYNOID, gynoid adiposity; HDL, high-density lipoprotein; LDL, low-density
lipoprotein; SBP, systolic blood pressure; TC, total cholesterol; TG, triglyceride.

Table 10. The association between ANDROID and other clinical characteristics in female subjects.

Characteristics

Simple regression analysis

Multiple regression analysis

B (95% Cl) p value B (95% Cl) p value
Age (years) 0.077 (0.026, 0.128) 0.003 0.003 (-0.028, 0.034) 0.859
Duration (years) -0.104 (-0.197, -0.011) 0.029 -0.089 (-0.136, -0.042) <0.001
BFP (%) 1.169 (1.112, 1.226) <0.001 1.163 (1.093, 1.234) <0.001
Height (cm) 0.004 (-0.105, 0.114]) 0.939
Body weight (kg) 0.215(0.175, 0.254) <0.001 0.035 (-0.027, 0.098] 0.270
BMI (kg/m2) 0.626 (0.518, 0.734) <0.001 -0.106 (-0.280, 0.067) 0.230
SBP (mmHg) 0.066 (0.039, 0.092) <0.001 0.012 (-0.005, 0.030] 0.156
DBP (mmHg) 0.132(0.088, 0.176) <0.001 0.001 (-0.027, 0.030] 0.922
TG (mmol/L) 0.412(-0.011, 0.836) 0.057
TC (mmol/L) 0.344 (-0.084, 0.771) 0.115
LDL (mmol/L) 0.011 (-0.004, 0.027) 0.159
HDL (mmol/L) -1.072 (-2.626, 0.481) 0.176
FPG (mmol/L) -0.103 (-0.300, 0.094) 0.306
HbA1c -0.129 (-0.157, 0.415) 0.376

ANDROID, android adiposity; BFP, body fat percentage; BMI, body mass index; Cl, confidence interval; DBP, diastolic blood
pressure; FPG, fasting plasma glucose; HDL, high-density lipoprotein; LDL, low-density lipoprotein; SBP, systolic blood
pressure; TC, total cholesterol; TG, triglyceride.
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Table 11. The association between GYNOID and other clinical characteristics in female subjects.

Characteristics Simple regression analysis Multiple regression analysis

B (95% Cl) p value B (95% Cl) p value
Age (years) 0.018 (-0.022, 0.058) 0.372
Duration (years) -0.063 (-0.135, 0.008) 0.083
BFP (%) 0.862(0.813, 0.911) <0.001 0.921(0.862, 0.979) <0.001
Height (cm) 0.009 (-0.075, 0.093) 0.837
Body weight (kg) 0.143(0.112, 0.174) <0.001 0.015 (-0.037, 0.068) 0.568
BMI (kg/m?) 0.417 (0.331, 0.502) <0.001 -0.111 (-0.258, 0.036) 0.138
SBP (mmHg) 0.025 (0.005, 0.046) 0.017 -0.015 (-0.028, 0.001) 0.039
DBP (mmHg]) 0.074 (0.039, 0.108) <0.001 0.001 (-0.022, 0.025) 0.902
TG (mmol/L) -0.317 (-0.642, 0.009) 0.057
TC (mmol/L) -0.162 (-0.491, 0.168) 0.335
LDL (mmol/L) 0.012 (0.001, 0.024) 0.056
HDL (mmol/L] 0.489 (-0.706, 1.685) 0.422
FPG (mmol/L) -0.180 (-0.330, -0.029) 0.019 0.058 (-0.043, 0.159) 0.260
HbA1c -0.229 (-0.451, -0.007) 0.043 -0.203(-0.346, -0.061) 0.005

BFP, body fat percentage; BMI, body mass index; Cl, confidence interval; DBP, diastolic blood pressure; FPG, fasting
plasma glucose; GYNOID, gynoid adiposity; HDL, high-density lipoprotein; LDL, low-density lipoprotein; SBP, systolic blood

pressure; TC, total cholesterol; TG, triglyceride.

relationships among android fat, insulin resist-
ance, and metabolic syndrome are sex
dependent.?!

However, our study concluded that individuals
with T2DM, both men and women, were more
prone to developing sarcopenia in the presence of
low ANDROID and A/G ratio. This finding indi-
cated that a specific distribution of adipose tissue
throughout the body was necessary for optimal
health because deviations from this balance can
predispose individuals to various pathological
conditions.

This work had several limitations. Given the small
sample size and cross-sectional nature, the conclu-
sions cannot be strong. More longitudinal studies
are necessary to confirm the causative relationship.

Conclusion

Patients with T2DM had a higher risk of sarcope-
nia when ANDROID and A/G ratios were lower.
SMI was positively correlated with ANDROID
and A/G ratio. As a result, ANDROID and A/G
were inversely correlated with sarcopenia in
T2DM patients.
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Table 12. The association between ANDROID/GYNOID and other clinical characteristics in female subjects.

Characteristics Simple regression analysis Multiple regression analysis

B (95% Cl) p value B (95% Cl) p value
Age (years) 0.002 (0.001, 0.003) 0.008 0.001 (0.000, 0.003) 0.092
Duration (years) -0.001 (-0.003, 0.001) 0.461
BFP (%) 0.007 (0.004, 0.009) <0.001 0.004 (0.001, 0.007) 0.014
Height (cm] -0.001 (-0.003, 0.002) 0.677
Body weight (kg) 0.002 (0.001, 0.003) 0.003 0.001 (-0.002, 0.004) 0.404
BMI (kg/m?) 0.005 (0.002, 0.007) 0.001 -0.001 (~0.009, 0.007) 0.728
SBP [(mmHg) 0.001 (0.001, 0.002) <0.001 0.000 (0.000, 0.001) 0.337
DBP (mmHg]) 0.001 (0.001, 0.002) 0.010 0.000 (-0.001, 0.001) 0.938
TG (mmol/L) 0.022 (0.012, 0.032) <0.001 0.007 (-0.004, 0.018] 0.241
TC (mmol/L) 0.016 (0.006, 0.026) 0.002 0.032 (0.018, 0.046) <0.001
LDL (mmol/L) -0.001 (0.001, 0.001) 0.854
HDL (mmol/L) -0.043 (-0.079, -0.007) 0.020 -0.099 (-0.150, -0.049) <0.001
FPG (mmol/L) 0.002 (-0.002. 0.007) 0.308
HbA1c 0.010 (0.004, 0.017) 0.003 0.005 (-0.001, 0.012) 0.107

ANDRQOID, android adiposity; BFP, body fat percentage; BMI, body mass index; Cl, confidence interval; DBP, diastolic
blood pressure; FPG, fasting plasma glucose; GYNOID, gynoid adiposity; HDL, high-density lipoprotein; LDL, low-density
lipoprotein; SBP, systolic blood pressure; TC, total cholesterol; TG, triglyceride.
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Appendix

Abbreviations

A/G ratio  android adiposity/gynoid adiposity
ratio

ANDROID android adiposity

BFP% body fat percentage

BMI body mass index

DBP diastolic blood pressure
DXA dual-energy X-ray absorption
FPG fasting plasma glucose
GYNOID  gynecoid adiposity

HDL high-density lipoprotein
LDL low-density lipoprotein

SBP systolic blood pressure

SMI skeletal muscle index

TC total cholesterol

T2DM diabetes mellitus type 2

TG triglyceride
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